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Inelastic Boltzmann equation
$\partial_{t}f+\mathrm{c}\cdot\nabla f=d^{2}\int d\mathrm{c}_{1}\int_{\mathrm{g}\cdot \mathrm{n}<0}d\mathrm{n}|\mathrm{g}\cdot \mathrm{n}|(\frac{f_{1}^{*}f^{*}}{e^{2}}-f_{1}f)$ (1)
.
$\mathrm{g}=\mathrm{c}-\mathrm{c}_{1}$ , $\mathrm{n}$ unit normal from1(2)
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$(\mathrm{g}’\cdot \mathrm{n})=-e(\mathrm{g}\cdot \mathrm{n})$ (3)
. $e$
.
. Boltzmann
. Jenkins and Richman[10]
, Sela and Goldhrisch[ll]
. Sela and Goldhirsch[ll] $e$ 1
. Brey et
a1.[12] .
Maxwell
2
. $\mathrm{g}\cdot \mathrm{n}$ .
$\partial_{t}f+\mathrm{c}\cdot\nabla f=\chi d^{2}\sqrt{\frac{T_{0}}{m}}\int d\mathrm{c}_{1}\int d\mathrm{n}(\frac{f_{1}^{*}f^{*}}{e}-f_{1}f)$ (4)
. $e=1$ H $r^{-4}$
Maxwell
. [5]
3
(4) . $[6, 8]$
. 1 . $f$ Fourier
$\hat{f}(k,t)=\phi(v\mathrm{o}(t)k)$ , $v\mathrm{o}(t)$ thermal velocity (5)
. $\phi(x)$
$- \gamma k\frac{d\phi}{dk}+\phi=\phi(gk)\phi((1-p)k)$ (6)
$k=0$
$\phi(k)=1-\frac{k^{2}}{2}+A|k|^{a}+\cdots$ (7)
.
$a= \frac{1-p^{a}-(1-p)^{a}}{p(1-p)}\Rightarrow a=3$ , (8)
. $\mathrm{c}^{-4}$ .
. case. Differences appear in
$\bullet$ $a$ .
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$\bullet$ $a$ $e$ [ .
$\bullet$ $a$ $earrow 1$ .
.
$v^{2}$ $(q=k^{2}/4)$
$\tilde{f}(q, t)=\Phi(e_{0}(t)q)$ , $e_{0}(t)=v0^{2}(t)$ (9)
$\Phi(x)$
$[a]$
$\Phi(x)=\sum_{n=0}\frac{\mu_{n}}{n!}-Ax^{a}$ (10)
. $\mu_{n}$
$\mu_{n}=<c^{2n}>/(d/2)_{n}$ : $(d/2)_{n}= \frac{\Gamma(d/2+n)}{\Gamma(d/2)}$ . (11)
. $n<[a]$ $n>a$
.
4
. Boltzmann equation
$\partial_{t}f+(\mathrm{c}\cdot\nabla)f=L_{FP}f+J(f, f)$ (12)
. $Q(f, f)$ Bolztmaxm’s colisional integral $L_{FP}f$
$L_{FP}f=\gamma\nabla_{\mathrm{v}}\cdot[(\mathrm{v}-\mathrm{u})f+T_{B}/m\nabla_{v}f]$ . (13)
. 1 drag 2 Brown
. $T_{B}=0$ Gaussian thermostat
[13]
$T_{B}\ll T$ . 1 $a$ .
Ichiki and Hayakawa[2] .
5 $\mathrm{H}\mathrm{y}.\mathrm{d}$rodynamics of inelastic Maxwell model
Chapman-Enskog (CE) .
[14] . Brey et a1.[12]
.
$\prime d\mathrm{c}(\begin{array}{l}1\sqrt \mathrm{c}\frac{1}{2}mc^{2}\end{array})J(f, f)=(\begin{array}{ll} 0 0-(1- e^{2})\omega[f,f]\end{array})$ (14)
.
$\omega(f, f)=\frac{\pi\chi\sqrt{mT_{0}}\sigma^{2}}{6}\int d\mathrm{v}_{1}\int d\mathrm{v}_{2}|\mathrm{v}_{1}-\mathrm{v}_{2}|^{2}f(\mathrm{v}_{1})f(\mathrm{v}_{2})$ (15)
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1: The exponent of $a$ for $1\mathrm{D}$ granular particles in fluids as afunction of $D=T_{m}/m$ .
.
$D_{t}n+n\nabla\cdot \mathrm{u}=0$ (16)
$Dtu:+(mn)^{-1}\nabla {}_{j}P_{1j}.=0$ . (17)
.
$D_{t}T+ \frac{2}{3n}(P_{1}.j\nabla ju:+\nabla\cdot \mathrm{q})+T(=0$ . (18)
. $\zeta[f]=(1-e^{2})_{\overline{3}n\mathrm{I}}^{2}\omega[f, f]$ J
$P. \cdot j=nT\delta_{1}.j+m\int d\mathrm{c}(v:v_{j}-\frac{1}{3}\delta_{1j}.)f$ (19)
. $\mathrm{v}$
$\mathrm{q}=(\frac{m}{2}v^{2}-arrow T)2\mathrm{v}5$ (20)
.
Maxwell model Chapman-Enskog method .
.
$f=f^{(0)}+\epsilon f^{(1)}+\epsilon^{2}f^{(2)}+\cdots$ (21)
$f^{(0)}$ .
$P_{1j}^{(1)}.=- \eta(\nabla:uj+\nabla_{j^{u}:}-\frac{2}{3}\delta_{1j}.\nabla\cdot \mathrm{u})$ (22)
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$\mathrm{q}^{(1)}=-\kappa\nabla T-\mu\nabla n$. (23)
$\eta,$ $\mu$ and $\kappa$ . CE .
$(^{*} \equiv\frac{\zeta}{\nu_{0}}=(1-e^{2})\frac{5}{6}$ (24)
$\eta^{*}\equiv\frac{\eta}{\eta 0}=\frac{4}{(1+e)^{2}}$ (25)
. $\nu_{0}$ $=3A_{m}n\sigma^{2}\sqrt{T_{0}m}$ $\eta_{0}=\sqrt{2mT_{0}}T/(3A_{m}\sigma^{2})$ . $\eta^{*}$ $e=1/4$
.
$\kappa$
$\mu$ .
\mu 1 $\mu_{2}$ $\mu_{2}$ $e=0.145123$ $e$
.
6Hydrodynamics of inelastic Maxwell model
.
$\zeta$ 2 (1 )
$\zeta^{(2)}=\zeta_{1}\nabla^{2}T+\zeta_{2}\nabla^{2}n$ (26)
. $\zeta_{1}$ $\zeta_{2}$ $e=0.721667$
0783145 .
$s_{[perp]}(k)=$ $\frac{\eta^{*}}{2}k^{2}$ (27)
3
$s^{3}$
$+$ [ $\frac{2}{3}\eta^{*}k^{2}$ $\frac{5}{4}k^{2}$ (\tilde \prec ]s2
$+$ $\frac{5}{12}k^{2}[4+(2\eta^{*}k^{2}-3\zeta^{*})(\kappa^{*}-\zeta_{1^{*}})]s$
$k^{2}[2 \zeta^{*}-\frac{5}{4}(\kappa^{*}-\mu^{*}-\zeta_{1^{*}}+\zeta_{2^{*}})]=0$ (28)
. $e=0.9$
.
7
Maxwell model Chapman-Enskog
[14] [15]
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$*$
$\kappa$
$\mathrm{e}$
2: $\kappa/\kappa 0$ as afimction of $e$ .
$*$
$\mu$
$\mathrm{e}$
3: $n\mu/(\kappa 0T)$ as afunction of $e$ .
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$\mathrm{s}$
$\mathrm{k}$
4: The dispersion relation as afunction of dimensionless $k$ at $e=0.9$ .
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